The aim of the present work was to study the effect of moisture content and inoculum on the growth and conidia production by Beauveria bassiana on wheat bran (WB) 
INTRODUCTION
Organic farming requires practical and suitable approaches to substitute the chemical pesticides used in crop fields worldwide. Biological control is considered an important part of integral pest management (IPM), which also is an environmental friendly alternative (Fuxa 1987) . Beauveria bassiana is widely extended in nature; this fungus has the potential to control a wide range of insect pests. Additionally, it is innocuous for human and other mammals (Fuxa 1987; Arcas et al. 1999) . Interest for industrial production has increased over the past few years, and in fact, there are commercial products based on conidiospores of this fungus (Fuguest and Vey 2004) . In order to produce conidia of entomopathogenic fungi at industrial level, there are two main methods, submerged fermentation (SmF) and solid-state fermentation (SSF); however in SmF, entomophatogenic fungi mainly produce blastospores and conidia yields are low (Feng et al. 2000) . Conversely, in SSF, the growth of microorganisms is achieved over solid supports with substantially low levels of water (Pandey 2003) . There are some key factors affecting the growth and conidial production in SSF and it is important to know their influence in the processes. Some of these main factors are temperature, pH, substrate (type and concentration), and moisture content (Barranco-Florido et al. 2002; Larroche 1996; Arzumanov et al. 2005) . The aim of this work was to evaluate the effect of moisture content and inoculum size on the growth and conidia production by Beauveria bassiana using wheat bran as a substrate. Sugar cane bagasse as a texturiser was also analyzed in these cultures. Also, a criterion was proposed based on times for reaching suitable conidial yields, which could be relevant for the prediction of harvesting times and for proper culture comparison.
MATERIALS AND METHODS

Microorganism propagation
The strain of Beauveria bassiana 885.2 was propagated on 4% (w/v) Dextrose Sabouraud Agar (DSA). This strain belongs to the Universidad Autonoma Metropolitana culture collection. Conidia were harvested after cultivation for 7 to 10 days at 28 ± 0.5 ºC and stirring the culture with a 0.05% (v/v) aqueous solution of Tween 80 for 10 min. For both conidial density and radial extension rate assays, conidia were point inoculated in triplicate in the center of Petri dishes containing wheat bran (10%) as the only nutrient source plus agar (15 g/L). This medium was also supplemented either with components of a synthetic medium (Alves et al. 2002) or standard 4% (w/v) Dextrose Sabouraud broth diluted (1:2) previously. Ethylene glycol (0 to 20%) was used as a water activity (a w ) depressor in these media (Montiel-González et al. 2004) , which allowed the modification of a w values within a range of 1.0 to 0.93. Water activity was evaluated using a hygrometer (Acualab, Cx-2, Labsenscientific Co, USA, 1952). All media were sterilized at 15 psi (121.5ºC) for 15 min. Inoculated cultures were incubated at 28 ± 0.5 ºC for 14 days, then conidia were harvested and counted.
Solid-state fermentation
One gram of wheat bran was placed in 75 mL serological bottles. Moisture was adjusted to 66, 75 and 80% by adding 2, 3 and 4 mL of distilled water, respectively. Half of the proper amount of water for routine experiments was added prior to sterilization; the rest of water was added afterwards, containing conidial inoculum and Dextrose Sabouraud broth as described earlier.
Three bottles for each moisture value were inoculated with a final concentration of 5 x 10 7 conidia per gram of initial dry substrate (gds). Cultures were incubated at 28 ± 0.5 ºC for 14 days. After this period, conidia were harvested and counted using a Neubauer chamber in an optical microscopy at 40X.
Substrate Mixtures
Mixtures of wheat bran and sugar cane bagasse were prepared in the following proportions (w/w): 100/0, 70/30, 50/50, 30/70. Humidity was adjusted to 66% in vials containing one gram of these mixtures prior to sterilization and inoculation as described above. Conidial production was determined in triplicate after 14 days from the samples for every mixture.
Inoculum level
Medium was prepared by taking one gram of wheat bran as mentioned above. Three levels of inoculation were assayed: 1 x 10 6 , 7 x 10 6 and 5 x 10 7 conidia/gds. Bottles were incubated at 28 ºC for up to 18 days; every 24 h conidial yields were determined as described above for three independent bottles from each treatment. Results were adjusted to the best fit to the exponential model described below by the Solver routine (Excel, Microsoft) adjusting the values for y max and k. Then, the time value (h) for achieving a level of 1 x 10 10 conidia/gds was calculated; this value was referred to as t 10 . The exponential model was the following:
(y max -y 0 ), resolving for: t = 0, y = y 0 ; and for t → ∞, y → y max, the corresponding equation is as follows:
Where: y 0 : Initial inoculum (conidia/gds). y max : Maximal yield (conidia/gds). y: Yield at time "t" (conidia/gds). t: Time (h). k: Specific production rate (1/h).
Hydrophobicity
This was determined by the phase exclusion method (Boucias et al. 1988; Jeffs and Khachatourians, 1997) . Fresh harvested conidia suspension was centrifuged at 8000 x g during 30 min; conidial pellet were then washed twice with deionized water at 50ºC before suspension in acetate buffer (0.1M, pH 6.0). This was mixed with equal volumes of toluene and refrigerated overnight. Then aqueous phase was excluded from the organic phase and was measured at 600 nm using the same acetate buffer as a blank. Hydrophobicity was calculated using following equation 
Viability
Analysis of viability were carried out in Petri dishes in triplicate with SDA (4%) medium containing yeast extract (1 g/L) and sodium deoxycolate (1 g/L) which made the colonies more compact for easy counting. pH was adjusted to 6.0 using HCl (1 N) solution. Petri dishes were inoculated with 200µL of conidial suspension from a proper dilution in order to have 300 conidia per plate. Plates were incubated at 28 ± 0.5 ºC for 3 days and then number of colonies was counted. The conidia viability was calculated using following equation: V = (n / 300) * 100 Where: V: Conidia viability (%) n: Colony number
Statistics Analysis
Conidia production as well as every measured variable were tested using one way ANOVA analysis by the means of NCSS statistic software with a significant coefficient α = 0.05.
RESULTS and DISCUSSION
Effect of water activity
Wheat bran could support the growth of B. bassiana when used as the only nutrient in the medium. Radial extension rate was considered as an estimation of the fungal ability to colonize the substrate on which it was growing. The values for radial extension rate markedly enhanced (between 10 and 15%) after the addition of liquid media reported by Alves et al. (2002) or a standard Dextrose Sabouraud broth. This behavior was similar to that reported by Kamp and Bidochka (2002) who found better growth for B. bassiana in more complex media. Our B. bassiana strain was very sensitive to variation in water activity (a w ) since radial extension rate decreased from 77 µm/h (at a w = 1.0) down to 15 µm/h (at a w = 0.981) in sole wheat bran medium (Fig. 1) , with no detectable growth at a w values lower than 0.97 for all the analyzed media. These findings were in accordance to Gervais et al. (1988) who worked with other filamentous fungi such Penicillium roqueforti and Trichoderma viride and described that a value of a w close to 1.0 was the best for fungal growth. Nevertheless, for some Aspergillus strains able to grow in solid fermentation, a reduction of a w from 0.995 down to 0.965 had a much less marked effect on specific growth rate (Loera and Viniegra-González, 1998; MontielGonzález et al. 2004 ).
Moisture content
Solid-state fermentation allows the manipulation of a w values in order to adjust this parameter to particular requirements by fungal strain as mentioned above. The strain of B. bassiana showed the better growth at a w =1.0. In order to analyze the conidial yields at a w =1.0, moisture content was assayed at three levels in wheat bran medium: 66% (minimum value to assure a w =1.0), 75% and 80%. The effect of culture moisture on conidial yields is showed in the Fig. 2 . Conidial yield decreased one order of magnitude when moisture content increased from 66 to 80 %, with values of 1.18 ± 0.34 (x 10 10 ) conidia/gds and 1.85 ± 0.21 (x 10 9 ) conidia/gds, respectively. This finding could be related to the fact that when water content was raised in the substrate, pores were filled and oxygen mass transfer coefficient diminished (Pandey 2003; Durand et al. 1988 ). The best relative humidity (66%) found in this study was similar to those values reported for conidia production by B. bassiana in other media. These reported media included the mixtures of waste potatoes residues and sugar cane bagasse (60-40%) (Dalla-Santa et al. 2004; , or wheat bran and rice straw (7:3, w/w) (Kang et al. 2005) . 
Substrate mixtures
Sugar cane bagasse can function as a texturiser by increasing the porosity and mass transfer during SSF. Table 1 shows the effect of this texturiser in mixtures with wheat bran on conidial yield. Reductions in conidial yields were proportional to the amount of sugar cane bagasse added to every mixture; in fact, in the mixture with the highest amount of sugar cane bagasse (70%), the production was 2.6 ± 0.9 (x 10 9 ) conidia/gds, which represented a reduction of 77% compared to that with no addition of sugar cane baggase. However, when yield was referred to as conidia per gram of wheat bran, independently to the amount of texturiser, yields did not present significant differences among the mixtures, with average production close to 1 x 10 10 conidia/gds (Table 1) . This behavior was similar to a report by Arzumanov et al. (2005) , who described that in SSF using ground rice and sugar cane bagasse (50:50), Metarhizium anisopliae grew almost exclusively on rice particles, and the yield of conidia per gram of total dry matter was lower than that obtained in SSF with only rice as a substrate. Inoculum levels: It is convenient for SSF systems to know the effect of inoculum size on the final values for any relevant parameter. Fig. 3 showed that the maximal conidia levels were 1.08 ± 0.19 (x 10 10 ), 1.20 ± 0.82 (x 10 10 ) and 1.53 ± 1.10 (x 10 10 ) conidia/gds for inoculum sizes of 1 x 10 6 , 7 x 10 6 and 5 x 10 7 conidia/gds, respectively. After adjusting the data to the exponential model, there was a reduction in time at which a level of 1x10 10 conidia/gds was achieved, referred to as t 10 , as a function of inoculum levels with the specific production rate values (k) as shown in Table 2 . For instance, t 10 was 285 h using the lowest inoculum (1 x 10 6 conidia/gds); however, this value could be reduced to 20% and 50% for higher inocula, since values for t 10 were 232 and 148 h using 7 x 10 6 or 5 x 10 7 conidia/gds, respectively. A level of 10 7 conidia/gds is commonly recommended as inoculum in the cultures of entomophogenic fungi (Dalla-Santa et al. 2004; Arzumanov et al. 2005 ). This result suggested that t 10 could be an appropriate criterion to define the harvest time for an entire batch, which in turn might reduce the maintenance and costs in the processes related to conidia production by entomophogenic fungi. Figure 3 -Inoculum size (conidia/gds) effect on conidia production by Beauveria bassiana in SSF with wheat bran as substratum: ○, 1 x 10 6 ; □, 7 x 10 6 ; ∆, 5 x 10 7 . Solid lines: data best fit to model.
Hydrophobicity and viability
In order to ensure the compatibility of biocontrol agents with formulation and application techniques, it is necessary to produce the lipophilic (hydrophobic) conidia which suspend easily in oils (Arzumanov et al. 2005) . Also, the attachment of conidia of the entomopathogenic fungi to host insects represents the initial event in the establishment of mycosis; this conidium-cuticle interaction may involve a complex of specific (e.g., glycoprotein) and nonspecific (e.g., electrostatic or hydrophobic) recognition mechanisms (Boucias et al. 1988) . Thus, hydrophobicity, as well as viability, is related to the quality of conidia for entomopathogenic fungi (Alavo and Accodji 2004; Talaei-Hassanloui et al. 2006) . These parameters were not significantly affected as a function of inocula size when determined at 7 days of culture. The values for hydrophobicity were within 90 and 92%, whereas viability averages were around 70% for all the cultures
CONCLUSION
It could be concluded that B. bassiana was a very sensitive fungus in terms of a w variations, and the highest values of extension growth rate were obtained at a w = 1.0, with no detected growth at a w lower than 0.97. In SSF, a w = 1.0 could be reached with a moisture content of 66% and any increase in moisture affected negatively the conidia production using wheat bran. The use of sugar cane bagasse as a texturiser in SSF was not suitable for the production of conidia. Inoculum size could reduce the time at which the maximal conidial productions were achieved with no effect on variables related to conidia quality. This finding could be relevant for prediction of harvesting times using a parameter such as t 10 described in this study.
